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Description 



This invention relates to adhesive compotrtions that adhere strongly to any of the hard tissues of the 
living body, such as teeth and bones, metallic materials, organic polymers and ceramics, and whose 
adhesive strength has good water resistance. The term « adhesive compositions » as herein used not only 
means compositions used lor bonding two or more adherends to one another, but also means 

5 compositions used lor forming highly adhesive coatings on the surfaces of adherends such as metallic 
materials and organic polymers, and compositions used for forming highly adhesive fillings in the repair 
of hard tissues of the Irving body. In other words, the adhesive compositions to which this Invention 
relates comprehend alt compositions that exhibit adhesion to and thus are applicable to various kinds of 
substances, such as the hard tissues of the living body, metallic materials, organic polymers and 

w ceramics. 

Various kinds of metallic materials, organic polymers and ceramics are used for the restoration of 
teeth. When these restorative materials are mounted In the mouth, It is necessary to ensure the adhesion 
between the teeth and the metal, organic polymer or ceramic and also the adhesion of the restorative 
materials to each other, for example, metal to metal, ceramics or organic polymer. In particular, since 
15 dentistry involves use in the mouth, the adhesion must be satisfactory under wet conditions. 

Numerous and varied attempts to use phosphate compounds In adhesive compositions have already 
been made in the dentistry field. 

(1) U.S. Patents Nos. 4,259.075. 4.259.117 and 4J368.043 indicate that a porymertzable composition 
containing a vinyl compound having a group of the formula : 



SO 



C-O-P-O-C or C-O.P-C 
♦ . 

OH OH 



is effective as a dental adhesive. U.S. Patent No. 4,222.780 indicates that a porymerizabfe composition 
00 containing a vinyl compound having a group of the formula : 

o 

m 

as c- p- c 

t 

OH 

40 Is an effective dental adhesive. Some of the compositions failing within the above patents have been 
widely used as primers for coating the cavity wall before a tooth cavity is filled. However, there were the 
problems that the cavity wall must be acid-etched beforehand in order to provide satisfactory adhesive 
strength to the tooth and that the adhesive strength to a NkCr alloy commonly used In dentistry -ras net 
satisfactory. 

45 (2) Attempts to obtain adhosives having adhesion to teeth using polymeriable phosphate com- 
pounds have also been made, e. g. 

(i) U.S. Patent No. 3.882,600 describes phosphoryl monofluoride : 

(ii) Journal of Dental Research, vol. 53. p. 07B-638 and vol. 56. p. 943-952. Chemical Abstract vol. 
77, p. 290 (66 175 g) and Japanese Patent Application Laid-open No. 44152/1976 describe CHj-CH- 

50 PO(OH), and CH^CHCoH.CHjPOtOH), ; 

(iii) Japanese Laid-open Patent Application No. 113843/1979 shows compounds obtained by 
neutralizing one of the two hydroxyl groups In compounds of the formula ; 



O 

R - O-'P - OH 
* 

OH 

where R represents an organic residue having at least one vinyl group, specific exsmples of which include 
the following (where M represents an alkali metal) : • . 
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CH 2 *CHC 6 H 4 OPO(OH) (OM) 



CH 3 
I 

CH 2 -C-C0OCH 2 CH 2 0PO<OHl (OM) 
CR 2 -CHCH 2 0P0(OH)(OM) 



OCH 3 

CJrjCHCH 2 -^0^-OPO(OH) (OM) 



SO CH3 CH3 

CH2-C-COOCH 2 CH 2 C«CH 2 CH 20COC-CH 2 

0 

25 I 

HO-P-O 

I 

OM 



CH 3 

CH 2 -C-COOCH 2 CH 2 OCH 2 CHCH 2 OPO(OH) <OM) 

OPO(OH) (OM) 



CH 3 

CH 2 -C-COOCH 2 CHCH 2 OPO<OH) (OM) 

CH 2 -C-C00 
45 CH„ 



(W) Japanese Patent Publication No. 49557/1962 describes metheeryloyloxyethane-l.l-diphoa- 
SO phonic add of the following formula : 

OH 

CH3 0»P< 
I | OH 

55 H 2 C =«C — COOC-CH3 

I OH 
0-P< 

OH 

60 as an adhesive component In a dental adhesive. 

In the case of all the compounds described in (I) to (rv) above, high adhesive strength (especially to 
metals) under wet conditions cannot be obtained. 

Japanese laid-open Patent Specifications Nos. 131799/1982 and 16471/1962 disclose as a compo- 
nent of dental adhesive a pyrophosphate derivative having a polymerizable functional group and a group 
BS of the formula 
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o 0 

1 'J l i 

-OO-P-O-P-O-C- 

till 

OH OH 



or preferably a pyrophosphate derivative of the formula 

0 0 

i^o-p-o-p-or 2 

1 l 

OK OH 

' 5 ^Z^^V^^ 0 ^,-' W °' <, *«» e *'°» l «» d alkyl) radical : and * is an 
ELSSEfflL^ ^ ° r a,y ' rad,eal '" d ,h9 C '- a,kyl ,widw in a " a * optionally 
222m^T SWCl,lcat,ora 8838,1 ,ta1 1hes8 compounds increase the adhesive force for the 

te« fn !!"!-.^ ,hay d0 not mwrtlon about adhesion to metals and further studies 

» sheneth for rn«ab compounds do not significant* increase the water resistance of the adhesive 

Further, attempts to use phosphate compounds in adhesive compositions have been made widely in 

7SSZ^££FfaL m in us - Parem Nw - 3754 - 972 - 3 - 884 - 864 - 3 - M7 - 127 - 4001 •»<>. 

.-77- 4 -" 3 ' 15 > Japanese Laid-open Patent Applications Nos. 20238/1974 innsoR/iar* 

y*" 188 ?- Mow » vw - norw of the phosnata compounds described in the above patent literature is fan 
from problem* aasoctotsd with the retention of adhesive strensth in the Usance Twaler 

«p^m^h,7rn,u. n a " Wmpri,in9 (8) 1 Wrt * ""»"• * 8 "«"•«"■ 




T 1 ' 

O 0 ! C-CH7 

8 1 \ 1 

II n 
OH OH 



-fa in which each 

R, and H," la a hydrogen atom or a methyl group, each of X,, X« , X 2 and X t ' is 0, S, or NR*. where 
R* is s hydrogen atom or a C, 4 alkyl group, 
rn Is 1, 2, 3 or -4, 
n is 0. 1. 2. 3 qr 4, each of 
45 k and K la 0 or 1. 

R. is a C^o organic residue having a valency of (m + 1). and 
R» is a Ci^j organic residue having a valency of (n + 1) : and 

(b) 0 to 199 parts by weight of a monomer that is copofymerizaWe with the compound (11 
The abwe-mentfoned compound (I), on polymerization, exhibits adhesive properties for the hard 
50 tissues of the living body, metals, and ceramics. (This monomer may be referred to as the adhesive 
monomer hereinafter). 

Compositions of the present invention can be used for bonding a hart tissue of the living body with 
another such tissue or a material for restoring the tissue {lor example, a metal, an organic polymer or a 
ceramic matertal). or for filling and restoring such a hard tissue (e. g. a tooth), for coating the inside of a 
55 cavity of a tooth before filling, for bonding and fixing a tooth and a dental restorative material fe g inlay 
onlay, abutment tooth, bridge, post splint orthodontic bracket or crown), for bonding dental restorative 
materials to each other (e. g. abutment tooth and crown), as a pit and fissure sealant for coaling a tooth 
surface to prevent caries, for bonding metals, organic polymers and ceramics, or as adhesive* in coating 
agents or paints to form a coating having excellent adhesion on the surface of a metal or a ceramic 
CO material. 

The term - organic residua » means : 
(i) a hydrocarbon group optionally containing OH. COOH. NHj or halogen as a substituent : and 
(li) a group composed of 2 to 20 hydrocarbon groups of the type defined in (i) above connected to 
one another by linkages of one or more of the ether, thloether. ester, thioester. thiocarbonyl amide 
65 carbonyl, sulphonyl, urethane. — NH— s% 
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0 0 

0 • P - 0 - and/or - 0 - P - Q - type(s). 
» » 

OH O- 



Including not only those groups in which the main cram is made up of hydrocarbon groups but also those 
in which some of the hydrocarbon groups constitute the side chain of the skeleton. 
w Illustrated below are the hydrocarbon groups (represented by A) connected through the linkage 
(represented by B) of 

O 
I 

iS -O-, -C-0-, -C-, -S-r -C-S-r -C-, -S-, -CONHT 

ft n ill 

0 0 0 S 0 

20 O O 

, I I 

-OCONH? -NH-, -0-P-0-, or -0-P-O- . 

I I 
OH O- 

For simplicity, the group having the double bond is 
expressed by [OC] and the 
30 00 

9 a 

-(X 2 fjc-?-0-?+X 2 , -rK— group 
OH OH 

35 

by IP-P] : 



40 



[C-C)-Ai-[P-P)-A 1 -[C-C] r 



45 



[C=C]-Ai-&i-A 2 -lP-P]-Ai-Bi-A3-lC=C] , and 
I * I 
[C»C1-A 3 B 2 # 
SO I 

tC=C] - 

35 ^ A l -3x-A 2 -(P-?}-A 1 '-3 i '-A 2 ' 

IC»C]^ I 

lc-c)-J 

The term - hydrocarbon group . as usad In this invention includes halogenated hydrocarbon arouos 
60 unless otherwise noted. " * K ' 

k- V* compo,l ? d * 01 ,hQ abov# f o^«la, a pyrophosphate derivative of (methjacrylle ester In 

wrtrcn x t , X, . X 2 , and X a are oxygen and x and V are 1 provides an adhesive which can be used in a 
variety of application areas. Particularly, those compounds in which R % - R„ R, - R.\ and m - n are 
easy to synthesize. Those compounds in which m - n » t are preferable from the standpoint of adhesive 
« strength. The preferred compound which exhibits high adhesive strength is one represented by formula 
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(I) In which R, Is (I) a hydrocarbon group which may be substituted with a halogen, hydroxyl group, 
ammo group, or carooxyl group, or (li) a C^, hydrocarbon group in which 2 to 7 hydrocarbon groups 
(each of which may bo substituted with a halogen, hydroxyl group, amino group, or carboxyl group and 
has 1 to 29 carbon ate me and at least one of them has 3 or mom carbon atoms) are connected to one 
5 another through a linkage of the typ* of ether, thtoether, ester, thiocater. thtocarbonyl. amfde. caroonyt. 
suttonyl, u ret harm. 

0 o 
! 9 0 

to -HH-, -O-P-O- , or -O-P-O-; 

1 I 
OH 0- 

and R, is (!) a C,^ hydrocarbon group which may be substituted with a halogen, hydroxyl group. 
15 amino group, or carboxyl group, or (ii) a hydrocarbon group In which 2 to 7 hydrocarbon groups 
[each oi which may be substituted with a halogen, hydroxyl group, amino group, or carboxyl group and 
has 1 to 29 carbon atoms] are connected to one another through a linkage of the type of ethnr, thioether. 
eater, thloeater. thtocarbonyl. amide, carbonyl. suffonyl. urethane, 

30 0 0 

] A U 

-UH-, -0-P-O- , or -O-P-O- , 

I ! 
CH O- 

25 

The particularly preferred structure of R t is : 
(i) (— CH|— ,j (where I Is an Integer from 8 to 20.] 



30 



*o 



<s 



(II) " CH 2-(o^ > or -CH^-^hV 



<5ii> KH 2 * -0-(2> 

35 <*CH 2 * q 



[where q Is 2. 3, or 4.J 

Ov) -CH 2 CH- 

I 

CH^COJp-Rfc 

(where p is 0 or 1. and Is a C^,, hydrocarbon group.] 

Examples of the adhesive monomer used in this invention are illustrated below. 



CH 3 CH 3 

I I 
SO H 2 OC 0 0 C=CH 2 

I ii n | 

COO-fCH 2 4 i -O-P-O-P-CHCH rr i-OOC 

I I 
OH OH 

55 

(where I - 8-20) 

so I 

H 2 OC 0 0 

I D It 

C OCC H 2 CH 2 0-w) -OCH 2 CH 2 OP-O- P-O-CH 3 

65 OH OH 
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1 \ 1 
H 2 C»C \ CM 3 O 0 C«CH 2 

I I | I » I 

COOCH 2/ C-CH 2 OCH 2 CH-0- P-O- P-OCH 2 NHOC 

3 OH OH 

CH 3 

H2 C-C 0 0 CI 

COOCH 2 -<R>CH2-C-P-0-P-0-CH 2 -^0)-OH 

OH OB 

CH3 CH3 

I I 
H 2 C-C COOH. O 0 COOH C-CH 2 

I I _ » ■ I I 

COHH-CHCH 7-{o)-0-P-0-P-0-<o;-CH 2 CHt!HOC 

OH OH 

H H 
I I 
H 2 C-C CH 3 O 0 CH3 C»CH 2 

I I III I 

COO* CH 2 CH04 s-P-0-P*OCHCH 2 * $-OOC* 

I I 
OH OH 

H 2 C-C CH 3 O 0 

C00CH 2 CHCH 2 O-^^-C-^^-O-CH 2 CHCH 2 -0P-O-P-OCH3 
OCH3 CH 3 OCH 3 OH OH 



H 
I 

H 2 C-C 0 . O CH 3 lCH 2 ) 6 — j CH 3 

COSKH 2 +io-S-P-0-P-O^CH 2 4 * WOC-C-CH 2 

1 I 
OH OH 



CH 3 CH3 

I t 

H 2 C«C C-CK, CH 3 

I I I 

COOCH 2-1 CH 2 OOC O 0 C=CH 2 

I I I « I 
CHOCH 2 CCH 2 Of CH^ 6 -0-?-0-P-O-CH 2 CH 200C 

COOCH 2 J CH^OC OH OH 

HiC*C C-CH 2 

" I I 

CH 3 CH 3 
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CH3 

H 2 OC O 0 CH 3 

lid I 
COOKH 2 * q-P-O-P-O-CH 2 CH 2 -W-CH 2 CH 2 C*OOC-C=CH 2 ) 3 

OH OH CH 2 CH 2 OOC-C=CH 2 

CH 3 

1 I 
H 2 Qm< J 0 O OCH 2 

I R D J 

COOf CH 2 CH 2 CH 2 CH 2 0* j -P-O-P-O+CH 2 CH 2 CH 2 CH 2 0 } j -OC 



I 1 
OH OH 



(wher* J e 2-10) 



CH 3 CH 3 

I I 
H 2 OC 0 O OCH 2 

I II II I 

COOfCH^f g-p-O-Pf CH 2 ) 8-OOC 

OH OH 



C»3 CH 3 

H 2 OC \ O 0 0 C*CH 2 

1 B » II — ! 

COOCH 2 CH 2 oy— P-O+CH 2 -> x 0 M3-P-0-PM3-(o)-OCH 2 CH 2 00C 
2 I I \ 

OH OH COCHi 



H 2 C-CH \ 0 0 

I _ I • 

COCXH 2 y-CHCH 2 nH-<g)-0-P-0-P-OCH 2 CH 2 OCH 3 

COO OH OH 

I 

H 2 C-CH 

CH3 CH 3 
f • I 
H 2 OC O 0 OCH 2 

I II I 

CQOrCh^ 5-S-rCH 2 i 5~0-P-0-P-OCH 2 CH 2 00C 

OH OH 



CH 3 

|H2C=C o 
COOCH 2 CK 2 C-^C / 'C-5CH 2 CH')CKP- 



I I / 

0 OH/ 
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T 3 

[H2C=C 0 
I I 
CONHfCH2^l2-NHCOfCK 2 ^6 cco?;HCH : CH 2 c - ? 

OH 





.C3 3 0 Q \ 

H2C»C-COOfCH 2 ->6-0-P^OCH2CH2NHKH246N , H-P 

OH OH J 2 

r 

H2C*C 0 0 \ 

I II 

COO-/o)-S-(o)-0-P 7-0 

W I! W I / 
O OH/ 2 

CH 3 
I 

H2 C *C COOH 0 0 

■ _/ II 



COOCH 2 CH 2 OOC-^-COOCH2Ca2C>-P-0-P«OCF2CF3 

OH OH 

CH 3 

H 2 C-C HH 2 O 

CH 2 0-P f-0 

OH ' 2 

? H3 0 0 CH 

h 2 c-c^ooh:h 2 ^-ch 2 o-p-o-p^h:h2V3)-ch 2 ooc-c«ch 2 

oh oh 




™ ! - ? ? p. 

I 1 * W - * -«CH 2 



H 2 C-C-COO-CH 2 ^H>-Ca 2 0-?-0-P-0-CH 2 -<ii)-CH jOOC-C-CH 

OH OH 



CH 



3 



H 2 C-C-COO-CR 2 CH 2 0-<£) 0 0 /-\ 

^ i j <o>och 2 ch 2 

OCH 2 CH20P-0-P-OCH 2 CH 2 0 / 
OH OH 



CH 3 
I 

-OOC-C«CH 2 
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w 



CH3 O 0 CHi 

I I II I 

H 2 C»C-Ca0CH2CHO-P-O-?-OCHCH 2 OOC-C=CH2 

I I 
OH OH 

CH 2 OOCfCH 2 * 6 -CH 3 
CH 2 OOCfCH 2 ^6-CH 3 



T5 



20 



30 
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40 
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SO 
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3 



CH3 0 0 . CH 

! n a | 

H 2 C=C-COOCH 2 CHO-P-0-P-OCHCH 2 OCC-C=CH2 

I I 
OH OH 



C3 2 0-{o) 



Whan Rg in the compound of formula (I) contains seven or fewer carton atoms, the resulting 
adheahre has extremely poor adhesion to teeth, metallic materials, and ceramics and the water resistance 
of Its i adhesfv* strength (a .lao poor, as compared with the adhesive ol this invention. Jn general, as the 
number of carbon atoms In R, Increases, the adhesive strength of the resulting adhesive tends to 
increase and then decrease. When R f contains 3 to 40 and preferably 8 to 30 carbon atoms, the adhesive 
strength is sufficient to achieve the results of this invention. There Is no lower limit to the number of 
carbon atoms In R, ; but when R, contains more than 40 carbon atoms, the resulting adhesive b poor 
in adhesive strength. 

Tho compound of formula (I) can be synthesized according to the process for synthesizing 
phospho: wS-contalning compounds described In the following literature. 
Organophosphorus Compounds, by Q.M. Kosolapotf, 
published by Wiley, 1950. 

Orgenophosphorus Monomers and Polymers, by Ye. L Getter, 
published by Pergamon Press. 1962. 

Modem Organic Synthesis Series 5. Organic phosphosus compounds. eJited by The Society of 
Synthetic Chemistry. Japan, published by Gihodo. 7 
Bellsteln (5pringar*VBriarg) 

For example, the compound of the formula fl) wherein X,. X,\ X* and X,' are oxygen ; k and X are 
1 : R» a R,, R, =■ R, , and m «■ n - 1, or the compound of the following formula (II) 

H-,C-C O O C»CH 2 

I U II I 

C0O-R a -0-P-O-P-O-R a -0OC 

OH OH 



b synthesized as follows 
At first. 



H 2 OOCOOR a -OH 



IS synthesized through the eaterlfication reaction of (meth)acrylic acid and HO— fL— OH The compound 
60 is changed into 



ss 



H 2 C=C-C0O-R a -OPO 3 H2 
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by esterifying the OH group with POCIj or pyro phosphoric acid. The phosphoric eater group is 
condensed Oy the dlcyciohexylcarbodllmlde process ar by the dehydration with plcryi chloride and 
pyridine, tf HO — R,— OH is replaced by HS — R,— SH, H is possible to synthesize a compound of formula 
(II) in which 0 is repttced by S. 

5 According to this invention, the adhesive (which may also be refferred to as the adhesive 
composition) is prepared by mixing the compound of formula (I) with a vinyl monomer which is 
copofymerlzable with the compound. The copotymertzable monomer affects the viscosity. wettability. 
• curability, and mechanical properties of the adhesive. Thus it should be properly selected according to 
the intended use of the adhesrvs. 

10 Usually, it is meth(acrylete) type monomer, styrene type monomer, or vinyl acetate. The monomer is 
not limited to them, however. It also includes (meth)acrytamide. N-n-butoxymetrfyl(meih)acryl8m(de, N- 
(riyoYo*yrraitiyi)acrylamide. and other acrylamkfee ; and (meth)acryllc acid, tsobutytvlnyl ether, diethyl 
fumsrate. diethyl maleate. maleic anhydride, methyl vinyl ketone, altyl chloride, vinyl naphthalene, and 
vinyl pyridine. The above-mentioned styrene type monomer includes those compounds (such as dMnyl 

15 benzene and p-chiorostyrerte) represented by 



20 



23 



55 



CH 2 «CH-(o) Or C^CH-^C^ 



(where Q denotes a halogen or a C M hydrocarbon group). The (meth)acrylate type monomer is one 
which is commonly used for anaerobic adhesive* and dental adheslves. it Is a (meth)acrylate monomer 
represented by 

(CH 2 -CH-COO> t -U 



(where R, denotes H or CH,, U denotes a C,.» organic group, t denotes an integer of 1 to 4. and the 
30 organic group Is defined above). Examples of such monomers include the following, 
(i) Monofunctional (meth)acrytate 
Metnyl (meth)acrytate, ethyl (meth)acryiate, n-butyl ( math Jacry late, Ito-cutyl (meth)acrylate, n-hexyl 
(meth)acrylate, 2-ethylhexyl (meth)acryiate, benzyl (meth)acn/late. decyl (meth)ecrylate, lauryl 
(meth)acrylate, stearyl (meth)acrylata. 2-hydroxyethyt (meth)acrylate (HEMA), 2-hydroxypropyl 
55 (meth)acrylate. dlmethylarninoethyl (meth)acrylate f dlethylamlnoetbyl (math) aery late. 3-chloro-2-hyd- 
roxypropyl methacrylate. and 2,3-dibromopropyl (meth)acrylate. 
(it) Difundfonal (meth)acrylate 

a) One in which U is — CHjCH^OCHjCHJ,— or 

40 -CH2CH(OCH2CH) s - 

I I 

(where s is an integer of 0 to 15) 
45 Ethylene glycol df(meth)acryla!9, dlethylene glycol dl(meth)acrylate. triethylene glycol 
dl(meth)acryiate. tetraethylene glycol di(mettj)acryfate, polyethylene glycol di(meth)acrylate. propylene 
glycol di(meth)acryiats, dlpropylene glycol dKmethjacrylate, and trf propylene glycol dl(meth)acrytate. 

b) One in which U Is an alkylene of carbon number 3 to 12 

Propanediol dl(meth)acrylate, glycerin dl(rneth)acrylate. 1 5-butanedlol dl(meth)acrylate, 1,4- 
so butanedlol dHmeth)ecryiate„ 1 ,5-pentanediol di( methacrylate, t ,6-hexanedlol dl(meth)acrylate. noopen- 
tylgrycol dl(meth)acrylate. 1.10-decansdlol dt(meth)acrylate. and dfbromoneopantyl glycol dimethac- 
rylate, 

c) One in which U has a residue of btsphenol*A derivative Bisphanol-A dl{meth)acrylate ( 2,2- 
bia[(meth)acryloyloxy potyethoxyphenyl]propane. 



r; ch 3 R l 



ICH 2-OCOO ( CH 2 CH 2 0 ) t"(c)-C-(o)- ( OCH 2 CH 2 ) t -0-0C-C-CH 2 

60 CH3 

where t Is an integer of 1 to 9], 

2^-bis-(4*icryloylcxy prupoxyphenyljpropane, and 2,2-bl8H^3-m*thacryioyloxy-2- 
hydroxypropoxy)phenyl1propane (Bis-GMA). Preferable among them are those in which U has a carbon 
65 number 15 to 30. 
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d) Ona in which U ia 



° H OH 

i 



5 - CH 2 CH «20(CH 2 CH 2 ) U OCH 2 CHCH 2 - 
(whers u Is 1 or 21 

e) One in which u is JOcaMfruurnn ,t ^ , ' 
to diisocyanate residua of carton numbeMto 501 " * C *" 8,,,y " n9 - and T deno "» 

an organfc 

-^SKT^^ <"<«>cry.a,e. tefmrnethylolmethane 

« diolftetramethacrylate. N ^ < J ^tnm.thylhexamethylene) bis l3Kaminocarboxy)propane-l™ 

8 ™V^ or in w „ n 0TO 

account for more than 50 wr% ol the total ™«*c»ylate «wtr. ana it should preferably 

ester include methyl rnethacrylm^thy ^metK f hemT^^'^ 8Xanlp,M °' -"'th.cry.ete 
» lautyl methaerylate. ble-CMA. T^hZ K ***** ">«heerylate. benzyl methaervlats 
Wlyethoxyph,nytj?imp BW , S^t^JTS^ , TT^**' *WW«K85 
Jhfeol \^^^T\j^^^^^^^^ 0lyc< " d, "»th.crylate. trtnhSS 

* in ,h, tiTSS^^^^^ 'o r -e ,H should be contained mor8 tha „ „ ^ 
should be used In en emoum of To m^toS^^ST*?™ «*°*»«*>* moncme 
I). If the content of the compound of m hffJS. « W W9i9M " me compound of formula 

In adbeshe stmnjth. The amount *t?££^J^^.*» T^'" 9 8dhe3iv * 13 '«» 

50 application to the sdherend ormiina into ih™cavm tET-, ST"" *" ,8n P 0 *" 19 "** and cured after 
rradlatlon of X-ray,. uttfay(otet 9 g?vis»iS n^-Sl 9 7 acc u on, <> li3h «l Physically with heating o 
. the adhesive is incorporate* w^^J^H* ! C JZ^. ".P^aricatlon Initiator. u»ull£ 
are collectively called a curlno aoent in ViST or ■ Pdiymeruat.on Initiator to facilitate curlno Thau 
includes orgenlc peroxldw ^ « comwunds^l- 'nf'' 1 " 9 a9mXm nn * »« th^ IS 
» sitlzar, tor u«r>vioW ray, ^,W 9 T^'Z^^^Tr ,, * r9d °* ini,la,t "* 



t/ibufyl borane. organic sutftnte ad TfoTZ th^L^L^JSS''' 8 - 
de/Fe«- salt, bereoyl peroxlde-N.N*isti™£nil ST*^ Mlt - cumene hydroperox 

^.h*" 1 ,h8reo ""^"n» (or salt iCSS^^X^S^ ^ 0(58n ' C 
40 methyl »,h.r, benzoinethyl ether benjvl2£«?;i ? '^"MlyRhtaunM (visible light curing), benzoin 

able among them ere be^oy. ^^^^0^7^^ ^ ^P™* »A ftSE 

ISn" m,r80,,/dl8eyl ^ mxid «'a™matl"s«oMaX ^ tenter! ^ b ? ran8, 8nd 0, 9 8r "' c sul,l ™o acid 
euHlmc acid includes benzenesumnie am l n ' < or M " '"«™of). The aromatic 

« 2^T. l, n e 3C,d - 11,0 «*" lon^ ,^ , ^ 83 ^^ ffi 8 ? l t'J" 8 *^ 8l8n99u, »" i «= ^cid. ani 
9 ^h r* 8 ,' ,0n ' oramni O'' i '"" 'on. The former two aTomt.^rL J? l an a,kal1 me,al ion - """"ne 
and adhesive strength. Their examples ere u* J? K ^ !? nd POint of storage stability 

aromatic amine, Include NJMImMiytoinbw NJMhJS^ °f f " d SH * ^ P""*" 6 * 1 examples of 

lone acid, acetic acid, or phosphoric acid ThTTli l^f-T" ,orm 8 s*" fiydroch- 
» peroxide. Z.-Wichlorobenzoyl peroxide o^n^ ~"^L^ <J8 . mC,Ude9 be ^ 1 P*""<lde. m-tolooyl 
Preferable among them are baozZ wmSmi^ui li ^ peroj " d<> - and ^oclnic acid peraxlde 

an amount of 0.0, to 20 pan. b,%h?££S ^7,^^!^ CUrin9 898(da are «SS Tin 
polymertzable monomer. .("wep oiy o.t to 15 parts bywelghUor 100 parts by weight of the 

* "* potion w«h a volatita organic 

adhesive of this Invention is used as . ^ ^.T orr - Sueh an «"bod1ment is preferable where tho 

that e f.lm of the edheslve Is formed on the adh«renrf^h? 4 VBponwd *V blowin 9 air or nitrogen so 
ethanoL acetone, methyl ethyl toZT^^SL X ace^dS^T indUdes ™ h ™>- 
o. jsopropyl ether, and toluene. The volatile oraanta : ££7^^ ^ l .^ m " ,,,a, "• cnlorof orm. ethyl 
Imes (by weight), preferably less than ,00 time, thTwetah^oTm. f ^ ',!!" 8mcom * thin 300 
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used as a dental cement (for adhesion and filling), dental composite resin, and bone cement. The filter 
snouid be added in an amount of less than 1 000 parts by weight, preferably 20 to 500 parts by weight, for 
100 parts by weight of the poiymerfzaiJle monomer. Trie filler improves the rheologicaf properties of the 
adhesive composition at the time of Hs use. the mechanical properties of the cured adhesive, and the 

5 adhesive strength and the resistance of the adhesive strength to water. Examples of the inorganic filler 
inctude natural minerals such as quartz, feistone. pottery stone, wallastonite. mica, clay, kaolin, and 
marble : ceramics such ts silica, alumina, silicon nitride, boron carbide, bo-on nitride, soda glass, barium 
glass, strontium glass, borosillcate glass, and lanthanum-containing glass ceramic : and water-insoluble 
inorganic salts such as barium sulfate and calcium carbonate. Usually, the inorganic filler undergoes 

10 surface treatment with a silane coupling agent such as -y-methacryloyloxypropyl trimethoxy silane. vinyl 
trimethoxy silane, vinyl triethoxy silane. vinyl trichlorosilane, vinyl trls(2-metrwxyethoxy)3ilane. vinyl 
triace*oxy silane. and Y*nen=aptopropyI trimethoxy silane. The organic polymeric filler includes 
pclyme'hyi methacryiate. poryamide. polyester, polypeptide, potysulfon* polycarbonate, polystyrene, 
chloroprene njbOer. nitrile rubber, styrene-fcutadiene rubber, and polyvinyl acetate. The inorganic- 

15 organic composite type filler Includes the siian*treated inorganic filler coated wrth the above-mentioned 
polymer. 

These fillers are used individually or in combination with one another. The filler may be of formless; 
spherical, lamellar, or fibrous, having a particle diameter smaller than too microns. The polymeric filler 
jy be dissolved in Ine poiymerizabt* monomer or a volatile organic solvent. Inorganic fillers and 
20 it'Organlc-organie composite type fillers are preferable where the adhesive of this invention Is used as a 
dental cement or dental composite resin, and organic fillers are preferable where it is used as a bone 
cement. 

In the case wnere the edhesi - » of this invention is intended for industrial use and home use. the 
adhesive may be Incorporated with an organic solvent-soluble polymer such as PMMA, polystyrene. 

25 polyvinyl acetate, chloroprene rubber, butadiene rubber, nitrile rubber, and chlorosuifonated 
polyethylene in an amount of less than 200 parts by weight, preferably less than 120 parts by weight, for 
100 parts by weight of the vinyl monomer composition, whereby the adhesive is increased in viscosity and 
the mechanical properties of the cured adhesive are improved. 

hi addition to the ibove-mentioned additives, the adhesive af this Invention may be incorporated with 

30 a polymerization inhibitor (e. g.. hydroquinone methyl ether(MEHQ)J, antioxidant [e. g.. 2.6-dMert.butyUp. 
cresol (BHT)|, ultraviolet absorbing agent, pigment, phihaiic add dlester or silicone oil, as occasion 
demands, according to the performance required. These additives ere added in an amount of less than 10 
parts by weight, preferably less than 5 parts by weight for 100 parts by weight of the pofymerizable 
monomers. 

33 In the case where the adhesive of this invention is used in the dentistry and orthopedics, a redox 
initiator of room temperature curing type ts commonly used. In such a case, the oxidizing agent and the 
reducing agent should be packed separately to ensure storage stability, and a special attention should be 
paid to the package form. Examples of the package form include the two-pack systems, each pack 
containing vinyl compound plus reducing agent and vinyl compound plus oxidizing agent : vinyl 

40 compound plus oxidteing agent (or reducing agent) and volatile organic solvent plus reducing agent (or 
oxidizing agent) ; vinyl compound plus oxidizing agent (or reducing agent) and filler plus reducing agent 
(or oxidizing agent) : or vinyl compound plus filler plus oxidlttng agent and vinyl compound plus filler 
plus reducing agent. In the case of the three-component system composed of organic sulfinlc acid (or salt 
thereofVemine (or salt thereofj/peroxide, which is most suitable for the adhesive of this invention, the 

43 sulfinic acid and amine function as the reducing agent and the peroxide, as the oxidizing agent In this 
case, a three-pack system may be employed in which the sulfinic add and amine are separated from each 
other. 

In the case where a photo sensitizer is used as a curing agent, the package containing the vinyl 
compound and photosensitizer should be stored in a container shielded against light. In the case where 
SO an initiator (such as tnbutyl borane) is employed which inmates polymerization in a shon time on contact 
with the vinyl compound, the initiator and tho vinyl compound should be packed separately from each 
other. The two-pack adhesive composition is mixed together immediately before use. 

The adhesive of this invention exhibits outstanding adhesion for a variety of materials as enumerated 
below, and keeps the high adhesive strength under a wet condition over a long period of time. 
55 (i) Hard tissues of the living body, such as teeth and bones. 

(ii) Base metals and alloys thereol such as iron, nickel, chromium, cobalt, aluminium, copper zinc 
tin, stainless steel, and brass : and nobfe metal alloys containing SO to 90 % of gold or platinum, which are 
difficult to bond with a conventional adhesive. 

(iii) Ceramics sucn as glass, porcelain, silica, and alumina. 

60 (ho Organic polymers such as polymethyl methacrylate, polyester, polyamide. polyurethane. polycar- 
bonate, polysutfone. and polystyrene. 

Because of its ability to exhibit high adhesive strength for a variety of materials as mentioned above, 
the adhesive of this Invention will find use in various application areas. Examples of preferred 
applications are as follows : 

65 (i) Dentistry 
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The adhesive is applied to the wall of a tooth cavity to be filled with a composite resin wnich is usually 
composed of a porymerrzable monomer, filler, and polymerization initiator When supplied to the dentist 
the adhesive is combined with the composhe resin to form • system. 

The adhesive composition Incorporated with a filler is used as a composite resin to be filled in the 
5 tooth cavity. Not only does the adhesive composition function as a filling material but also it firmly 
adheres to the tooth. ~ 1 

The adhesive is used to bond an inlay, onlay, or abutment to a tooth cavity ; to fasten a bridge, post 
splint, or orthodontic bracKet to teeth ; or to bond a erpwn to an abutment. 
The adhesive is used as a pit and fissure sealant 

W For each applicaton. the specific composition of the adhesive 'a selected as mentioned above*. For 
example. \\ the adhesive is to be coated on a tooth prior to the filling of a composite resin, the adhesive 
composition may be prepared according to the recipe as shown in US. Patent Nos. 4,259,075 and 
4.259.117. That is. the adhesive composition Is made up of 1 S to 100 wt% of the above-mentioned vinyl v 
compound (which exhibits adhesion on polymerization), a poryrnerizable monomer (such as bis-GMA. 

f5 HEMA, and aliphatic dimethacrylate), an organic solvent (such as ethanol) as a diluent, and a curing agent 
of room temperature curing type. Also, if the adhesive composition ts to be used in the form of a 
composite resin. It is prepared according to the recipe shown in the above-mentioned U.S. Patents. That 
is, the above-mentioned adhesive vinyl compound is added In an amount of 1.5 to 50 wt% (based on the 
total poryrnerizable monomers) to a conventional filling material composed of 20 to 10 wt% of 

20 poiymerizabla monomer (such as bia-GMA) and 80 to 60 wt% of filler. 

The adhesive thus prepared is applied to a tooth in the usual way. On curing, the composite resin 
adheres to a tooth so firmly that ft Is not necessary to provide mechanical retention such as undercut. (It is 
preferable to subject the tooth surface to acid etching before the adhesive of this invention is applied to 
the tooth : however, it provides practically sufficient adhesive strength without acid etching, unlike the 

25 compositions disclosed In U.S. Patent Nos. 4.259,075 and 4.259.117. There Is some fear for the Injurious 
effect of acid etching on the dentin). 

The adhesive composition to bond an inlay, onlay, or crown to a tooth cavity or abutment should 
preferably be composed of 1.5 to 50 par*, by weight of the adhesive vinyl monomer. 985 to 50 parts by 
weight of the copolymertzable monomer and 50 to 500 parts by weight of filler. With the adhesive 

30 composition thus prepared. It ej possible to achieve the bonding of an infey. onlay, or crown to a tooth 
cavity, which could not be achieved with a conventional luting cement 

In an additional application in the dentistry, a liquid composed of the adhesive vinyl monomer 
copolymerlzable monomer, and curing agent ts applied to the tooth surface, followed by curing, so that 
the firmly-bonding film formed on the tooth surface prevents tooth decay 

35 (ii) Orthopedics 

The adhesive composition of this Invention will find use as a bone cement to bond a ceramic or 
metallic artificial joint or splint to a bone. The adhesive composition for such use should preferabtv bo 
composed of 90 to 98.5 parts by weight of methyl methacrylate. 10 to 1.5 parts by weight of adhesive vinyl 
monomar. and 50 to ISO parts by weight of pory methyl met hacr rlate. 

4Q (ill) General industrial and home uses 

Because of its outstanding adhesion to metals, ceramics, and organic polymers, the adhesive of this 
invention will find general use in the areas of transport electric machines, building materials can 
manufacture, ceramic industry, and home appliances, ft will also find use as coating materials sucn as a 
paint and an undercoating. When used for coating, ii adheres much more firmly to the substrate than the 

45 GXiSt,n 9 adhesive of poryroerizatlon curing type (such as cyanoa cry lata, epoxy resin, and second- 
generation acrylic adhesive), even H the substrate is stained with oil or wetted. This is a surprising feature 
of the adhesive of this Invention. 

Having generally described the invention, a more complete understanding can be obtained by 
reference to certain specific examples, which are intended for purpose of illustration only and are not 

50 intended to be limiting. 7 

Example 1 

The adhesive monomer used in this invention was prepared as follows : A mixture of m o no met ha cry - 
55 late ester and dlmethacrytate ester of 1.12-docanediol was prepared by esterifying equimofar amounts of 
methacryltc acid and 1,12-dodecanedlol at 90 in the presence of r>tofuenesulfonic acid as a catalyst 
After the determination of the mclar retio by high-speed liquid chromatograohy. the mixture was reacted 
ax — 50 °C with phosphorus oxychloride in an equimolar amount of the monoestsr. The remaining POI 
bond was hydrolyzcd at 0 °C ro give a mixture of 1 2-methaeryloxydodecyl dihydrogen phosphate and 
60 1.12-dodecanediol di mot hacry late. After removal of dimeihacryiate by extraction with n-hexano there 
was obtained 12-rnethacryloyloxy dodecyldihydrogen phosphate. 35 g of this phosphate and 10 3 g of 
dicyclohexyicaroodlimide were dissolved in 100 cc of ethyl acetate, followed by stirring at room 
temperature for 5 hours. The crystals of urea derivative which had separated out were filtered off. After 
adding 1 5 mg of BHT to the filtrate, the solvent was distilled away from the filtrate under reduced pressure 
65 ro yield 33 g of nonvolatile residue. 9y elemental analysis and H'- and P^-NMR analyses it was 
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confirmed mat the residua is a pyrophosphate ester of the following formula. 

CH 3 CH 3 
I I 
5 H 2 OC 0 0 C-CH2 

I I ■ I 

COO* CH 2 + i2-0-P-0-P-OKH 2 -f 12-OOC {A) 

OH OH 

10 A two-pack type primer was prepared from this compound according to the following recipe. 

Formulation 1. Parts by wwlght 

Bfs-OMA 50 

J5 HEMA 43 

Compound (A) 7 

Benzoyl peroxide 2 



20 



Formulation 2. 

Ethanol 100 

Sodium benzenesultlntc acid 3 

N.N-dlmetrryi-p-toluidlno 0.7 

25 A specimen for adhesion was prepared by embedding a human molar in an epoxy resin in a 
cylindrical holder and then cutting the crown so that the dentin was exposed. On the other hand, a 
stailess steel rod, measuring 7 mm In diametar ind 25 mm long was provided. The surfaca of lha dentin 
and the end of the stainless steel rod were polished with # 1 000 sand paper. The polished surface of the 
dentin was covered with a pieca of adhesive tape having a hole 5 mm In diameter. This hole establishes 

30 tfm area of adhesion. Formulation i and formulation 2 were mlxao In equal quantities, and trie mixture 
was applied to the dentin surface and the end of the stainless sleel rod. Immediately, air was blown to the 
coated surface by using an air syringe to vaporize ethanol. A commercial dental composite • ClearfH-F » 
was mixed and the resulting paste was cast up on the end of the stainless steel rod. The stainless steel rod 
was pressed against the surface of the dentin, with the paste interposed between the two surfaces. After 

35 being kept pressed for 30 minute*, the dentin specimen and the stainless steel rod which had been 
bonded together were dipped In water at 37 °C for on * day. Tensile bonding strength was measured. The 
bonding strength was W kg/cm 1 when failure occurred at the dantln-composite resin Interface 



40 



Comparative example 1 

Example 1 was repeated except that tr» compound (A) was replaced by a known pyrophosphate ester 
of the following formula (B), 

CH3 O O CH3 

45 I IB I 

H 2 C -C-COOCH 2 CH 2-O- P-O-P-OCH 2 CH 2O OC-C -CH 2 (B) 

OH OH 

50 The tensile bonding strength was 0 kg/cm ? . 

Example 2 

55 As the adherends. round rods measuring 7 mm In diameter and 25 mm long were orepared from iron, 
aluminium, copper, nickel, porcelain, a-alumina, glass, pofymethyl methacrylate. and polycarbonate. The 
end of each rod was polished with #1 000 silicon carbide sand paper. A 5 % ethanol solution of compound 
(A) was sparingly applfed to each adherend. followed by evaporation of ethanol by an air syringe. A 
powder-liquid type adhesive prepared by mixing the following formulations in equal quantities was 

60 applied to tne primed adherend. Two rods of me same kind were butted together. 

Formulation 3. Parts by weight 

Methyl methacrylate 100 
$S Benzoyl peroxide 1 

15 
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Polymethyl methacrylwte powder IO0 
Sodium benzenesulflnato powder 3 
5 N.N-diethanol-p-toluidlne 1 

After 1 hour. the bonded specimens were dipped In weter at room temperature for 10 days. The 
tensile bonding strength was measured. The results are as follows : 

W Iron 

Aluminium 

Copper 

Nickel 

Porcelain 
>5 a-Alumlna 

Glass 

Polymethyl methacrylate 
Polycarbonate 

50 Comparative Example 2 

Example 2 was repeated except that compound (A) was replaced by compound (B). The bonding 
strength for iron, alumina, copper, nickel, porcelain, a-atumina. and glass was lower than 50 k&cm*. 

25 Example 3 

A powder-liquid type adhesive of the following composition was prepared from compound (A). 
Formulation 5. 

30 

Bis-GMA 
HE MA 

Neopentylglycol dlmethacrylate 
Compound (A) 
35 Benzoyl peroxida 
MEMO 

Formulation 6. 



351 kg/cm 3 
298 kg/cm 2 
256 kg/cm 2 
335 kgycm 2 
187 kg .cm 3 
172 kg/em a 
81 kg/cm 2 
153 kg/cm* 
103 kg/cm a 



Pa^ts by weight 

40 
30 
20 
10 
2 

trace amount 



40 Silane-treated quartz powder 

Sodium benzenesulffnate powder 
N,N-diethanof-p-toluidine 

An adherend spo_ .nan was prepared by embedding the crown of a bovine anterior tooth in an epoxy 
43 resin in a cylindrical holder, with the labial enamel surface exposed. Attar polishing with #1 000 sand 
paper, the enamel surface underwent acid etching with 40 % aqueous solution of orthophosphoric acid. 
After rinsing, the etched surface was dried by using an air syringe. On the other hand, there was provided 
a stainless steel round rod measuring 7 mm in diameter and 25 mm long, with the end polished with 
#1 000 sand paper. 

50 A pasty adhesive was prepared by mixing 0.1 g of formulation 5 and 0.3 g of formulation 6. The 
adhesive was applied to the end of the round stainless steel rod. The end of the rod was pressed against 
the etched surface. After being kept pressed for 1 hour, the specimens were dipped in water at 37 °C for 1 * 
day. The tensile bonding strength was measured. The bonding strength was 3)5 kg/cm a when failure 
occurred at the enamel — adhesive interface. 

33 

Examples 4 to 9 



100 
0.3 
0.4 



Adhesives were prepared from the compounds listed in Taole 1 according to Example 1, and their 
bonding strength for human tooih dentin was evaluated. In addition, a powder-liquid type adhesive was 
so prepared In the same way as in Example 3 except that compound (A) was replaced by the compounds fn 
Table 1. Their bonding strength for an Ni-Cr alloy was evaluated. 

A dental Ni-Cr alloy [Now Chrom (I), made by Towa Giken KJCJ was cast into a square plate measuring 
4 x to * TO mm. The 10 x to mm surface of the alloy plate was polished with #1 000 sand paper. The 
polished surface was covered with a piece of adhesive tape having a hole 5 mm in diameter. This hole 
6$ establishes the area of bonding. On the other hand, a stainless steel round rod measuring 7 mm in 
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diameter and 30 mm long was provided. The end of the rod was polished by sandblasting with 
abrasive having an average particle diameter of 33 microns at a pressure of 3.5 kg/cm 3 . A paste cma»-*? 
Dy mixing 0.3 g of adhesive powder and 0.1 g of adhesive liquid was epplted to the end of the sum-ess 
steel round rod. The eno of the stainless steel rod was pressed against the NJ«Cr alloy plate. After oemg 
3 kept pressed for 1 hour, the soecimens were dipped In water at 37 °C for 1 day. The tensile bonding 
strength was measured on an (natron tensile tester (at a crass head speed of 2 mm/min); 
The results are shown in Table 1. 

Table t 

70 

Bonding strength 

<fcq/cn 2 ) 
Human Ni-Cr 

Example Compound tooth alloy 

13 ~ -~ 

H 2 C-C-COOtCH2+io- 0 - ? — 0 67 325 

20 \ | J 

OH / 2 



23 / C »3 © \ 



H 2 C=C-C00CH 2 -(o}-CH2O-? — 0 50 

OH / 2 



30 



29 0 



35 o | H 2 C=C-COOCH 2 -<(jO-CK 2 0-P — O 58 262 



I 

OH / 2 



40 



/ CH 3 
I 

H 2 C-C-COOCH 2 CH 2 0-(o) ON 64 3 20 



^ ? \ 

45 \ 0CK 2 CH 2 O-P O 

OH/ 2 



50 



/ CH 3 O 
/ I I 



8 (h 2 C=C-COOCK 2 CH O-P i-0 52 233 

V CH 2 00C{CH24 6-CH 3 OH JV 



60 



CH 3 0 



H 2 C-C00CH 2 CH 0-? — 0 54 306 

63 V CH 2 O^0) OH/2 
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Comparative Example 3 



to 



Adhwrves were pre par «3 according to Examples 4 to 9 from a compound at formula <C). 



H 2 C=CH-(q^- 



OCH 3 0 0 CH 3 0 
fl H 



P-rj-P 0-<g>-CK=*CH 2 



OH OH * C) 



Glken*!^^ ^/ ma 2 t0 ° th *T ln a l d a " NWraH °y (Now Chrom (I). made by Towa 

Tabto 1 V ' rwp6Ctfve, y- The5B are apparently infarior to those in 



IS 



Example 10 



A cyMndrralcavtty measuring 4 mm in diameter and 4 mm deep waa formed on the* Ungual surface of 
a^LZt * T " 9 ^ ^ ^ ra dr1ed * us,n * 3 " syringe. A&e of e?ua 

Sown S l£ te r ,aIi ° n 2 i0 1 — app,fed t0 th * • ntt ™ "*tr wall. Ai^ 

A, SST r£rS* mE,*? ^ *" °" t0 ^P 0 ^ 9 • 1hanoL A commerclBl dentil composite 

3?£ I ^fn* 88 ,med tn 1he m ^ ,n tne W* ^ Tna tooth specimen waa dipped In water at 

Mtf me d^^^J^irTj? 3 w' 0 ^ wfth a dy * 11,9 toom *» ch ™ cut with a cutter to 
£a noTfo^d at a7 8rf ** tha t00th 8nd tfw f,,,er Th " * the d£ 



JO 



35 



40 



45 



waa not found at all. 

Example 11 



A conical cavity measuring 6 mm in dlametarand * mm deep was formed on the occfusai mjr*»r» m a 
human molar. An inlay that flu m the cavity waa cast from type HI gold alloy A 1 3 ID 1 

fflNC ft?? ^L**!? 10 Wff8rt bCndin °' Aftaf 30 minutM ' th€ l00tn s ^imen waa dipped Vwater at 
V£J2 •P 8 *"" To thermal CycHng teat b^BpSw lr w^e r a 



Example 12 



A 1 :3.0 m.xlur» (by w-i 9 W) of formuWion 5 and formulation 8 in Examcte 3 wal Srf i„ .h= 

Example 13 

» c 0 mwmo^ n . ,, raSUm Mal8m n " in9 th * fi$9ure °' s molar — «w«flO to the following 

Formulation 7. 

Parts by weight 

W^Ia<methacryfoytoxypolyethoxyphenyl) propane 
55 Necpentylgfycol dirnethecrylate 50 
Compound {A) 20 
HEMA 10 

Benzoyl peroxide 10 

2 

& Formulation 8. 
Bls-QMA 

HEMA 40 
Neopemylglycol dimethacrylate 4 0 
Sodium bonzenesulflnate 20 
N.N-diathano»-p-toluidine 2 

2 
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The 'issuro of a human molar waa i cleaned with an explorer, followed by washing and drying The 
sealant (a 1 : 1 mixture of formulation 7 and formulation 8) was filled In the fissure nimX Ten 
minutes after curing, the tooth specimen was dipped In water at 37 -C for 1 day. Then. thL^^biS 

5 colored with a dye. The tooth specimen waa cut with a cutter to see if the dye had infiltrated into the 
Interface between the tooth and the filling material. The Infiltration of the o^iwas hardly found! 

Example 14 

to A cylindrical cavity measuring 4 mm in diameter and 4 mm deep was formed on the buccal surface of 
a human molar by using a diamond burr. The cavity wall underwent acid etching for 1 minute with 40 % 
aqueous solution of phosphoric acid, followed by washing and drying. The paste obtained by mixing 
formulation 5 and formulation 8 in Example 3 In the ratio of 1 : 3.0 by weight was filled in the cavity. Tan 
minutes after curing, the tooth specimen was dipped in water at 37 *C for 1 day. Then, the neat-cycle test 

15 waa conducted as in Example 13. The Infiltration of dye into the interface was hardly found. 

Claims 

20 1. An adhesive comprising (a) 1 part by weight of a compound represented by the formula 



O O 
II 9 

OH OH 

30 in which each 

R t and FT is a hydrogen atom or a methyl group, each of X„ XT, X,' is 0. S. or NR*. where R* is a 
hydrogen atom or a C, 4 alkyi group, 
m is 1 , 2. 3 or 4, 
n is 0, 1. 2. 3 or 4, each of 

39 K and k* is 0 or 1, 

R, Is a organic residue having a valency of fm + 1), and 
R,' is a C 1J0 organic residue having a valency of (n + 1) ; and 

(b) 0 to 199 pans by weight of a monomer that is copolymerfeable with the compound (I). 

2. An adhesive as claimed In Claim 1, In which all of X,. X,\ X,, and Xj are oxygen, and k and k' are 

40 both 1. 

3. An adhesive as sat forth in Claim 1 or 2, in which R,' is identical with R„ R,' is identical with R„ 
and n - m. 

4. An adhesive as claimed In Ciaim 3, In which m and n are both 1. 

5. An adhesive as claimed in any preceriing claim, in which R, is (I) a C^o hydrocarbon group, 
45 optionally having halogen, hydroxy, amino or carboxy substitution or (ii) a hydrocarbon group in 

which from two to seven C,,» hydrocarbon groups, at least one of which has 3 or more carton atoms, 
that optionally have halogen, hydroxy, amino or carboxy! substitution, are connected to one another 
through an ether, thloether, ester, thioester, thiocarbonyl. amide, carbonyl. sultonyl, urethane. 

0 O 

1 u n 

-NH-, -ii- , -o-P-O- , or -o-p-O-r and 

1 I 
OH O- 

R t ' is (1) a C 1<B hydrocarbon group, optionally having halogen, hydroxy, amino or carboxy 
substitution, or (ii) a C^ hydrocarbon group in which* from two to seven C^a hydrocarbon groups 
optionally having halogen, hydroxy, amino or carboxy substitution are connected to one another through 
an ether, thioether. ester, thioester, thiocarbonyl, amide carbonyl, sulfonyl, urethane, 

GO 'CO 

I a t i 

-NK- r -N— , -O-P-O- , or -O-P-O- 

I I 
OH 0- 

65 linkage. 
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6. An adhesive as claimed in Claim 4. m which R, is — {CHj)„— . where n s an ,meg«r from a io 20 

7. An adhesive as claimed in Claim 4, m which R, is 

CH2- CH2~ 



8. An adhesive as claimed in Claim 4, in which R, is 



where q is 2, 3. or 4. 

9. An adhesive as claimed in Claim 4. in which R, is 

-CH iCH- 

CH 2 0(CO) p -R b 

2D where p is 0 or 1 and R„ is a hydrocarbon group. 

10. An adhesive as claimed in Claim 1. in which the vinyl monomer (h) is a (met h)acry late ester type 
monomer, styrene type monomer, or vinyl acetate. 

H. An adhesive as claimed In any preceding claim that also includes 0.01 to 20 parts by weight ot a 
curing agent per 100 parts by weight of the potymerizable monomers (a) + (b). 
25 12. An adhesive as claimed in Claim 11. in which the curing agent b a polymerization initiator of the 
redox type. 

13. An adhesive as claimed in Claim 12 In mutlipeck form, in which the owdteing and reducing 
components of the redox initiator are in separate packs. 

14 An adhesive as claimed in Claim 11. in which the curing agent rs a photosensitize r. 
30 15. An adhesive as claimed in Claim 14 in two-pack form, in which the initiator and the vinyl 
compound are in separate packs. 

18. An adhesive as claimed in any preceding claim that also includes less than 300 parts by weight of 
a volatile organic solvent having a boiling point lower ;han 150 °C at 760 Torr (1 013 Pa) per part by 
weight of the potymeri2able monomers (a) + (b). 
35 17. An adhesive as claimed in any preceding claim that also Includes 20 to 500 parts by weight of a 
filler per 100 parts by weight of the polymerizable monomers (a) + (b). 

18. A dental adhesive as claimed In any one of Claims 11 to 15 or as claimed in Claim 16 as dependent 
on any one of Claims 11 to 15. for use in filling into a tooth cavity. 

19. A dental adhesive as claimed in Claim 17 as appendant tD any one of Claims 11 to 1S. for use in 
40 filling into a tooth cavity. 

20. A dental adhesive as claimed in Claim 17 as oependent on any one of Claims 1 1 to 15, for use in 
bonding between a tooth and a dental restorative material or between dental restorative materials. 

21. A dental adhesive as claimed in any one of Claims 11 to 15 for use in coating a tooth surface for 
prevention of dental caries. 



Patents nsprOche 

1. Klebstorf aus (a) 1 Gew.-Teil einer Verbindung der Formel 

m I I 

OH OH 




worin jeweils R, und R' ein Wasseretorfatom oder cine Methylgruppe sind. jeweils X,. X*. X, und X, O. 
60 S Oder NR* sind. wobei R* ein Wassereioffotom Oder eine C^AIkylgruope bt. m 1. 2. 3 ooer 4 ist. n 0. 1. 

2, 3 Oder 4 ist. jeweils k und k' 0 Oder 1 sind. R. ein C^-organischer Rtst mit einer Wcrtigkeit von 

(m + t) Ist und R B * ein C^-orgenlscher Rest mit einer Wertlgkeit von (n + 1) ist. und (b) 0 bis 199 Gew.- 

Teilan eines Monomeren. de9 mit der Verbindung (I) copolymerislerbar ist. 

2. Klebstoff nach Anspruch 1. cadureh gekennzeichnet. daO alio Suostituenten X,. X,'. X 2 uno XV 
65 Sauerstoff sind, und k und k' jeweils 1 sind. * 
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JRS WW 1 **" * d8dUrCh « V u mtt * R,' 

2! f !*! 0 !! An3 P pjch 3 - Unwell gekennzefchnet, dafl m und n feweils 1 sind 
r ein « m voifiirgehenden Anapruche. feAreh gakennzeichnet. daB R, (i) eine 

C^Kohlenwasserstotfgrupp* 1st die gegebenenfalls eine Halogen-. Hydroxy- Amino- Oder Ca t*™ 

e^lt^ISTiu 2T2 S!H: W °^' Wtni9 1 en3 e,ro davon drel 0d8f m8hr "™»n*offatome aufwefcrt. d?e 
2? !S2 lii! A.i« ^fSET ' jS 11 "* od « r Carboxylwbstrtutlon aufwei:*n kOnnan. miteinarv 

oar uoer sine Athar-, Thioather-. Eatb,-, Thwester-. Thiocarbonyk Amid-, Carbonyk Sulfonyl-, Urethan- 

0 0 
I I! ir 

-NH-, -i;- , -o-P-O- Oder -0-P-0-; 

1 I 
15 OH 0- 

Varknupfung vartundan sind. und fl.' (i) eine C^-rtohtenwassenaottgruppe ist. die gegeoe- 
nenfalla etna Halogen-. Hydroxy-. Amino- Oder Car-oxysubstitution aufweist Oder (ii) eine C*- 
Koh . vawerstortgruppe 1st. In der zwei bis sieben Ca-Konianwasaarsfoffgruppan. die oeg*£ 
20 rama..a leine Halogen-, Hydroxy-. Amino- odar Carooxysubstitullon aufwetsen, miteinander fiber aire 
Ather-. Tnioather-, Ester-. Thioester-. Thiocaroonyl-, Amid-, Caroonyh SulfonyK Uraihan- 



10 



0 O 
1 I 1 

25 -NH-, -N- , -O-P-O- , oder -O-P-O- 

1 I 
OH 0- 
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Verknupfung verbundan sind. 

^ 6 " ^ i0fi l nspnjch 4 - d,durch gekenrtzeichnet. daB R, -{CH^— bedeuiet. wobei n erne 
ganze Zahl von 8 brs 20 ist. 

7. Klebstoff nach Anspruch 4. dadurch gekennzeichnet. daB P., 

-CH 2 -{a^ Oder -cH 2 -(fC> 

CH 2 - WX CH 2 - 

ist. 

8. Klebstoff nach Anspruch 4. dadurch gakennzeichnet. daB R, 

2 OfCH 2 T 2 - 

wobei q 2. 3 oder 4 bedeutat, ist. 

9. Klebstoff nach Anspruch 4. dadurch gekennzeichnet, daS R, 

-CH 2 CH- 

i 

cK 2 0{CO} ? -a b 

so 1st. wobet p a oder 1 ist und R, eine C* tr Kohlenwasserstottgruppe ist. 

10 Klebstoff nach Anspruch 1, dadurch gekennzeichnet daB das Vinylmonomere (V ein (Metm 
Acrylatestertypmonomeres. Styrortypmonomeres oder Vinyiacetat ist. 

-II ' rt Kteb S°t f nach €,nem der v o rh en3*rienden Anspruche. dadurch gekennzeichnet. daS er auch 0 01 
55 entnait. Hdnun95mme,a P ro 100 Gew.-Tene der pofymeristerbaren Monomeren (a) - (b) 

th, Jininitla^ *> QUrC » « **> Hartungsmittel ein Poiymerisa- 

13. Klebstoff nach Anspruch 12 in einer Vielpackungsforrn. in welcher die oxidierenden und 
reouzierenden Kornponanten des Redaxinitmtors in getrennten Pacxungen vorHegen 
60 14. Klebstoff nach Anspruch 11. wobei das Hartungsmittal ein Photosensibilisetor ^t 

nu nl^nlZt*! 0 !! Jl aCh ^^ C !l 14 einor ^weipackungsforrn. wobei der Initiator' und die Vi- 
nyhrertolndung in getrenntan Packungsn vorliegen. 

16. Klebstoff nach einem der vorhergehenden Anspruche. der auch weniger als 300 Gew -Telle eines 
flue htigen organtechen Losungsmittels mrt einem SiedepunKt von weniger als 150 *C bei 7S0 Torr M 013 
65 Pa) pro Gew.-Teil der polymensierbar-n Monomeren (a) - (b) enthalt 
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17, Klebstoff nach einem der vorhergehenden Anspruche. der auch 20 bis 500 Gew.-Teile etnes 
FuilstoHa pro 100 Gew.-Teile der potymeri9ierbaren Monomeren (a) + (b) enthatL 

18. Zannkiebstorf nach ainam dar Anspruche 11 bis 15 oder nach Anspruch 16 In Abhanglgkeit von 
einem der Anspruche 11 bis 15 fur eine Verwendung wm Eimullen in aina Zahnkavitat 

5 t9. Zahnklebstoff nach Anspruch 17 in Abhangigkeit von einem dar AnsprOche 11 bis 15 fur eine 
Verwendung rum Einfullen in eine Zahnkavitat. 

20. Zann klebstoff nach Anspruch 17 In Abhangigkert von einem der AnsprOcha 11 bis 15 fOr eine 
Verwendung in einer 8indung zwischen einem Zahn und einem Zahnreparaturmateriel oder zwbchen 
Zahnreparaturmate nalien. 

TO 21. Zahnklebstotl nach einem der Anspruche 11 bis 15 fur eine Verwendung In einem Uberzug ainer 
£ahnoberflache zur Verhinderung einer Zahnkaries. 
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Revindication* 

1. Un adhesrf comprenam (a) una panla en poids d'un compose represente par la formule 



20 




? x \ ( r 

C-C OO c-c„ 2 , 

COX X A R a - (^2H" p "°' p * x 2 ,, *J; , " R a ' Ax i 1 QC 

n II n 

25 OH OH 

dans taquelle cheque 

R, et R' est un atome d'hydrogene ou un groupe methyie. cnacune de X,. X\ X 2 et X,' est 0. S ou 
NR* ou R" est un atome d'hydrogene ou un groupe atcoyte en C,*. 
30 m est 1. 2, 3 ou 4 

n est 0, 1, Z 3 ou 4, chacun de 
k et k" est 0 ou 1 . 

R, est un rests organique en C^, ayant una valence de (m *■ 1) et 

R,' est un reste organique en C ia0 ayant una valance de (n + 1) ; et 
35 (b) 0 a 199 parties en poids d'un monomere qui est coporymerisable avec la compose (1). 

Z Un adhesif comma revendique dans !a ravendication 1 dans laquel X T , X,'. X, at X,' sont tous un 
oxygene et k et k* sont tous deux 1. 

3. Un adhesif comma indtque dans la revendfcaticn 1 ou 2 ou R,' est Identique a R„ R,' est 
identique a R, at n * m. 

40 4. Un adhesif comma revendique dans la ravendication 3 dans tequel m et n sent tous deux 1. 

5. Un adhesif comme revendique dans Tune quelconoue des revendtcations precedentes ou R, est 
(i) un groupe hydrocarbone en C^o ayant eventuellemem* une substitution halogene, hydroxy, amino 
carboxy ou (ii) un groupe hydrocarbone en C,.» dans tequel 2 a 7 groupes hydrocarbones en C vW . 
dont au moins 1 a 3 atomes de carbone ou plus, qui evemuellement ont une substitution halogene. 

45 hydroxy, amino ou carboxyle. sont raccordes entre eux par un ether, un thiotther, un ester, un thioeslor. 
un thiocarbonyie. un amide, un carboxy le. un suifonyle. un urethane 

0 0 
{ I) II 

50 -NH-, -U- , -o-?-0- , ou -O-P-O-; et 

1 \ 
OH 0- 

R.' est (i) un groupe hydrocarbone an C,^ ayant eventuellemem une substitution halogene. 
55 hydroxy, amino ou carboxy. ou (ii) un groupe hydrocarbone en dont 2 a 7 groupes hydrocarbones 
en Ci. a ayant eventuetlement une substitution halogene. hydroxy, amino ou carboxy sont reunis entre 
eux par une liaison ether, thioether. ester, thioester, thiocarbonyie. amide, carbonyle. suifonyle. urethane 

0 O 

I n 9 

60 -HH-, -M- , -o-P-0- , ou -O-P-O- ■ 

1 1 
OH 0- 

6. Un adhesif comme revendique dans la ravendication 4 ou R, est — (CH^,, — . ou n est un entier de 
65 8 a 20. 
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7. Un adhesif comma revendlque dans la revindication 4 ou R, est 

8. Un adhesif comma revendfqu* dans la revendication 4 oir R t est 



oil q est 2, 3 ou 4. 

9. Un adhesH comma revendique dans fa revendication 4 oil R» est 



-CH 2 CH- 

f5 I 

CH 2 0(CO) ? -^ b 

ou p est 0 at 1 et est un group* hydrocarbon* en Cj. 18 . 

10. Un adhesif comma revendique dans la mvandication 1 dans lequel le monomere vinylique (b) est 
20 un monomare de type ester da type (methiacrylate, un monomare de type styreno ou I'acttate de vinyle. 

11. Un adhesif comma revendique dans Tune quelconque das revendtcations precederrtes qui 
comprand aussi 0.01 a 20 parlies en poids d'un agem de durassemerrt pour 100 parties en poids des 
monomeres polymerisables (a) + (b). 

12. Un adhesif comme revendique dans la revendication 11 dans leque! I'agent da durcissamant est 
25 un amorceur da polymerisation du type redox. 

13. Un adhesif comma revendiqu* dana la revendication 12 sous forme d'un emballege multiple dans 
lequel fas composants oxydant at reducteur de I'amorceur redox som dans des emballages sapares. 

14. Un 8dhesif comma revendique dans la revendication 11 dans loquel I'agent de durctssement est 
un photoserwibillsateur. 

30 15. Un adhesif comme revendique dans la revendfcation 14 sous forme d'un emballaga double dans 
leque* I'amorceur et !a compose vinylique sont dans das emballages separas. 

16. Un adhesif comme revendique dans Tuna quelconque des revendications precedents* qui 
comprand egalement moins da 300 parties an poids d'un solvant organique volatll ayant un point 
d'ebullitlon inferieur a 150 °C a 750 torrs <1 013 Pa) par partie an poids daa monomeres polymerisablea 

35 (a) + (b). 

17. Un adhesif comma ravandlque dans I'une quelconque des revendications precederrtes qu» 
comprand aussi 20 a 500 parties en pckto d'une charge pour 100 parties en poids des monomeres 
polymerisables (e) + (b). 

18. Un adhesif dentaire comma revendique dans Tuna quelconqua des ravandications 11 a .5 ou 
40 comme revandique dans la revendication 16 dans la mesure ou alia est rartechee a I'une quelconque des 

revendications 11 a 15 pour I'emplol dans robturation d'une cavite dentaire. 

19. Un adhesif dentaire comme revandique dans la revendication 17 dans la mesure ou elle est 
rattachee a I'une quelconque des revendications 11 a 15 pour Temploi dans robturation d'une cavite 
dentaire. 

45 20. Un adhesif dentaire comme revendique dans la revendication 17 dans la mesure ou ells est 
ranachee a Tune quelconque des revendications 11 a 15 pour I'emploi dans I'union d'une dent et d'un 
materiau de restauratlon dentaire ou de materiaux de restauratlon dentaire entre eux. 

21. Un adhesif dentaire comma revendiqua dans I'une quelconque das revendications 11 a 15 pour 
Temoloi dans la revetement d'une surfaca dentaire pour la prevention des caries dentaire*. 
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